ABSTRACT
INTRODUCTION
The current electricity peak demand in the Kingdom of Saudi Arabia is nearly 55 Gigawatt out of which 72% is consumed by air conditioning units. The peak demand is anticipated to increase to 120 GW by the year 2032 as the population will be doubled. The Government of Saudi Arabia started a huge program to improve the energy consumption efficiency by A/C units in 2007. The program includes the rating of an existing air conditioning system, comprehensive implementation steps for new system, and instructions as part of the public awareness campaigns. Building landlords and resident's awareness of the values of energy conservation practices including high efficiency HVAC system is low. The existing electricity tariff dose not encourages electricity conservation practices in KSA. All the previous studies and feedback focused on the need to make better the existing HVAC energy conservation program in KSA (Nader, 2015; Nader et al., 2016; Nader et al., n.d) . Targeting new constructed building only for energy efficient HVAC system will not improve energy consumption efficiency in the short term. energy in buildings. The increase in energy prices was the motive to researchers to look for new materials that has the capacity to reduce energy demand (Nader, 2015) . PCMs are strong alternative for energy conservation because of their thermo physical properties such as melting point range, heat of fusion, thermal conductivity, and density (Nader et al., n.d) Furthermore, PCMs can reduce HVAC load by freezing with little supercoiling, having it compatible with construction material, making it chemically stable, and recyclable. However, PCM have some disadvantages in such way it is flammable. This is due to the stronger requirements of a freezing cycle in order to transfer high heat, and to the lower volumetric capacity of the latent heat storage. Consequently, PCMs should be stored in a well-designed container to avoid any of these drawbacks.
PCM can be classified under the following categories: eutectic, organic, and inorganic (Juarez et al., 2013) .
Organic PCMs have technical grade such as paraffin's or paraffin mixtures made of oil that help PCMs obtain the best phase change points (Shapiro et al., 1987) . Paraffin is also abundant in large temperature scale, making them accessible because of a long freeze-melt cycle. PCMs are also made out of non-paraffin compounds. The use of organic material in heat storage is beneficial for not being corrosive or undercooled, but still has low thermal conductivity, lower phase change enthalpy, and inflammability. Despite of the disadvantages of several conditions such as undercooling, corrosion, phase separation and thermal instability, the inorganic PCM materials (heat storage) have a greater phase change enthalpy, for example hydrated salts and metallic. The other PCM classification is eutectic either organic or inorganic (Perez, 2010) . Eutectic materials have sharp melting point. The volumetric storage capacity is usually higher than most of the organic paraffin materials. However, there is limitation to their thermophysical properties and more studies need to be done in the area of the thermal storage (Alkan et al., 2009 ).
The effect of heat conductivity changes in PCM without affecting the storage of thermal energy, several researchers designed a compound-material made of a matrix of graphite material to be embedded within the PCM (Py et al., 2001; Marin et al., 2013) . Graphite decreases the volume change of paraffin's and decreases the sub cooling of PCMs hydrated salts. As a result, thermal conductivity increase will occur where there is 8% of the latent heat of fusion per paraffin weight unit (Phase-Change Materials, 2013).
When heat is applied to a substance, it gains heat (Chair et al., 2010; Phase-Change Materials, 2013) . For example, as heat is applied the temperature of water will rise to a maximum of 100°C (boiling point). Likewise, if heat is removed, the temperature of the water will decrease, to a minimum of 0°C (freezing point). This type of heat transfer, or storage, is called sensible heat as seen in Figure 1 . The temperature of a material however, doesn't always increases with the addition of heat. Water boils and remains at 100°C no matter how much heat is added which make the water turns into vapour (Chair et al., 2010; Phase-Change Materials, 2013) . This is why for any substance with the addition of heat, it will reach either its melting or evaporation point without getting any hotter. Latent heat is this particle type of heat storage. Upon controlling the room temperature and without the addition of latent heat, PCMs would not be able to act by itself. Moreover, when they are used in construction building, change phase occur from solid to liquid at 23-26°C. As PCM start to melt, they will absorb heat from the room and thus the room temperature will be stable. At night, PCMs will go back to its original solid state during ventilation.
These valuable PCMs properties will significantly decrease cooling and heating energy demand if properly implemented and managed. This paper studies the potential application of PCMs in net zero building energy.
PCMS APPLICATIONS IN BUILDINGS
Many natural and synthetic PCMs mentioned in the literature are known in addition to water (Mondal, 2008) .
They are different from each other by changing their temperature ranges of the phase change and their heat storage capacities. Other properties of PCM for a high efficient cooling system with thermal energy system (TES) include (Mondal, 2008) : Fig-1 . PCMs release heat energy by solidification process and absorb heat energy before liquefaction takes place.
Source: Kosny and Kossecka (2013)  In construction, many melting temperature range between 23°C and 26°C.
 PCM can store a large amount of heat per volume and thus minimizes their area tiles that are needed.
 Phase change is more effective with the increase in thermal conductivity  Changes in volume are minimized. Material can expand or contract as the phase is changed. Because of that PCM in construction need to be contained. Significant changes in volume could cause problems.
 Congruent melting. This means that the composition of the liquid is the same as that of the solid, which is important to prevent separation and super cooling.
 A completely reversible cycle for freezing or melting.
 Last longer over a large number of cycles.
 Non-corrosive to construction materials.
 Non-flammable. Figure 2 shows how PCM can be seen for heating and cooling in buildings (Streicher et al., 2005) . PCM is placed in construction with porous material such as plasterboard to increase heat transfer (Zalba et al., 2003) . In cooling situations, PCM store ambient air during the night. PCMs are also used in thermoelectric refrigeration for better effectiveness of the heat sink such as using a window unit with a PCM curtain (Zalba et al., 2003; Sharma et al., 2009) . A PCM curtain can be placed within the double sheeted gap of the window and the air vent, and once PCMs freeze, it will prevent the temperature decrease of the air and this reduces overheating around the window (Juarez et al., 2013) .
Upon changing the state of aggregation of a PCMs in a specified temperature range, applications of PCMs can be placed in apparel, blankets, surgical tools, antibacterial and hygiene applications, insulation, clothing and many more (Mondal, 2008) . Moreover, PCMs have multiple applications in solar energy storage systems and these are due to their hydrated salts, alkanes, waxes or paraffin's (Dincer, 2002) . Many of which are provided in Table 1 below (Rai and 
CASE STUDY OF PCMS APPLICATIONS IN BUILDINGS
PCMs can control or reduce the variation of temperature in a building with many air conditioning applications use. Thus substantial economic and environmental will be beneficial. For evaluation of the value of PCMs materials in air conditioning application, the cooling load calculation is needed for the building. As shown in Figure   3 , cooling load calculation was conducted with the application of PCMs materials. The building is located in the Alkhobar City in the Eastern province of Saudi Arabia where the average outdoor temperature (To) be about 45 °C and indoor temperature (Ti) is about 24 °C. Fig-3 . Comparing a normal wall with a PCM wall. Source: Nader (2015) The standard materials for the walls are made of 20mm brick wall, and 2mm insulation of polyurethane. The BioPCM properties used in this study are given in Table 2 Nader (2015) 
RESULTS
The cooling loads calculation for the wall with PCM was computed for each space. The results showed that cooling loads for the building were decreased by 20% using PCMs material. In term of capacity, the total cooling loads of the building with normal construction materials was estimated to be about 16 tones whereas the PCMs was estimated to be about 13 tones. Table 3 shows the cooling load calculation results for Men sitting room with normal construction materials is presented in Table 3 . While the cooling loads with PCMs material for the same room is presented in Table 4 . have four to six apartments, and 30% have six to ten apartments. There are 4% of the buildings have more than ten apartments.
Most of the building air conditioning system have split and window (86%). Buildings with central units are about 14% of the buildings investigated ( Figure 5 ). The age of the building is very important to determine the best HVAC system that suits it. It was found that about 55% of the buildings are more than ten years old.
Use of Insulation
Since the use of insulation is very important in keeping the house temperature cooled and thus reducing power consumption. From the study it was observed that 48% of the apartment's buildings don't have insulation. About 44% of Al-Khobar city ones use insulation. The other 5% was unknown (Figure 6 ). Nader et al. (2016) 
SOLAR HYBRID AIR CONDITIONINER
Air condition plays a very high role for power consumption in Saudi Arabia. The increase in population, currently 20 million and the prediction for the year 2030 is double of that (United Nations, n.d). This large increase requires a tremendous power supply which most is consumed by air conditioning units. To reduce the power consumption, the transmitted solar heat and its effect on building structured will be studied. In addition, use of PCM is needed in reducing the power consumption and thus increase the efficiency the air conditioning systems.
The thermal solar collector was installed between the compressor and the condenser (Fig. 7, and 8) . The results for the fully system air conditioning with solar collector and the bypass system (no solar), shows that the EER is better with solar by average of 20% than the bypass one.
The study focused on the feasibility assessment of building solar air conditioning system. The researchers found that, EER, COP and consumption of power were improved using the solar Air conditioning system and thus reduction in the consumption of power. The analysis of data and discussion proved that the solar air conditioning system not only increased the efficiency but also reduced the consumption of power.
The results of EER, COP and power consumption will have great effect on implementing the solar air conditioning system within the kingdom of Saudi Arabia. 
CONCLUSION
The potential use of PCMs in construction material, heat transfer and other applications are promising given the magnificent of its thermo physical properties. PCMs should be considered further in net zero energy management solutions for systems with low impact on the environment. The results analysis shows a 20% reduction of cooling load when utilizing PCMs materials in comparison to conventional ones. Accordingly, PCM wall is the future solution for the problem of running out the fuel resources in the form of latent heat storage materials. PCM should be used in construction, ceiling tiles, air conditioners, thermal heating and many other applications. Moreover, Al-Khobar City is growing at a faster rate, and with air conditioning systems being indispensable and rising in demand daily, there is an urgent need for more of power to operate more AC units. The PCM material and solar hybrid air conditioning is the key to improve on thermal insulation and thus reducing power consumptions.
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